INTRODUCTION
Burkitt's lymphoma (BL) is a high-grade B cell lymphoma that is cytogenetically characterized by translocation of the c-myc proto-oncogene on chromosome 8 into either of the three Ig gene loci on chromosome 14 (IgH locus), 2 (Ig K locus) or 22 (Ig A locus) (1, 2) . Furthermore, in the endemic form of the disease, found predominantly in African children, more than 90% of the cases test positive for the Epstein Barr virus (2) . This virus is present in only 30-40% of sporadic tumors of Europeans and from nonendemic areas in North Africa (1) . Endemic and sporadic BL also differs in the patterns of chromosomal breakpoint locations: in sporadic BL, translocations are predominantely found within the c-myc gene and outside the ,u switch region, whereas the reverse is true for endemic BL (3) .
The origin of the malignant B cell giving rise to BL is controversial. In a recent proposal for a revised lymphoma classification, the normal counterpart of the tumor cells in BL is classified as "B cell of unknown differentiation stage" (4) . Based on the expression of germinal center (GC) B cell-associated surface antigens (CD10, CD38, and CD77) a GC-derivation of BL has been proposed (5, 6) . Since Ig heavy chain class switch is known to take place in the GC-microenvironment (7, 8) , though not exclusively (9) , the finding that in several cases the breakpoint of translocation at chromosome 14 is located in the spt switch region was taken as support for this hypothesis (10) . However, others consider BL to be derived from B lymphocytes corresponding to earlier stages of B cell development (1 1). Several lines of evidence are compatible with a derivation of BL tumor cells from immature or antigeninexperienced (naive) B cells: (1) the surface markers CD10 and CD38 are not exclusively found on GC B cells but also on immature B cells in the bone marrow (12, 13) ; (2) the existence of translocations in both the light chain loci and the heavy chain JH locus suggests that the translocation occurred during V gene rearrangement (i.e., in the bone marrow); (3) most BL and BL cell lines express IgM and not IgG or IgA (1), the isotypes characteristic for "classical" GC-derived memory B cells (14) ; and (4) the fact that BL is primarily an extra-nodal disease has been taken as an indication of a non-GC derivation of this tumor (1) .
A sequence analysis of rearranged V region genes for somatic mutation is a reliable approach to reveal the stage of cellular maturation of the tumor B cells in BL: naive IgM+IgD+ B cells express unmutated V region genes (15) (16) (17) . The process of somatic hypermutation is active in, and probably restricted to, antigen-activated B cells proliferating in the microenvironment of the GC in secondary lymphoid organs (18) . Therefore, somatically mutated V genes are found in GC B cells and GC-derived memory B cells (16) (17) (18) .
Expressed V region genes have previously been cloned and sequenced from several BL cell lines (19) (20) (21) (22) (23) (24) (25) (26) and from one BL biopsy (27) . Furthermore, V gene sequences of five cell lines established from AIDS-associated BL were determined (28) (29) (30) . However, in most of the studies on classical BL lines an assignment of somatic mutations was hampered by the fact that the corresponding germline genes could not be unequivocally identified. Somatically mutated V region genes were found in AIDS patients-derived BL lines (28) (29) (30) . However, the relevance of this finding for classical BL is unclear. Thus, whether classical BL express somatically mutated V region In the present work 10 K-expressing BL cell lines of sporadic and endemic origin and three K-expressing endemic BL biopsy specimens were analyzed for somatic mutation in their rearranged V region genes. It turned out that all cell lines and tumors harbor somatically mutated V region genes, indicating that they originate from GC or GC-derived B cells.
MATERIALS AND METHODS Amplification of Rearranged VH and V,,
Region Genes by Reverse Transcriptase PCR RNA was isolated from 10 Burkitt's lymphomaderived cell lines as described (32) . For first strand cDNA synthesis total cellular RNA of 5 X 104 cells was hybridized to oligonucleotides recognizing the first exon of the CK (CK [15] ) and either the C,u or a Cy constant region genes (16) and extended using SuperScript MMLV reverse transcriptase II (Gibco-BRL, Gaithersburg, MD, U.S.A.). Amplification of VH gene rearrangements was performed with a set of VH leader family-specific primers (Table 1) together with a C,t or a C'y primer (see Ref. 16) 
Amplification of Rearranged V, Region
Genes from Genomic DNA DNA was isolated from frozen biopsy specimens of three cases of K-expressing Burkitt's lymphoma by standard methods (33) . VK region genes were amplified from 100 ng of genomic DNA with a set of four V, family-specific primers (see above) and a J, primer mix (3' mix [18] ) in separate reactions for each of the V gene primers. The PCR reaction mixtures and the cycling conditions were as described above, using 2.5 mM MgCl2 and 610C as annealing temperature. JijoyeK3 CTG AAT AGT TAT GCT GTC GAC AGT CTG CAA GAT TAC CCT CCG CCT ACT ACA GAA AAG CGA   L2 - CDR II  CDR III  10 14 19 26 27 28 30 31 32 34 38 41 45 46 47 48 51 53 56 61 69 70 78 85 91 93 94 95 96 105 106 108  DaudiKl TCC TGT GTT GGT CAT AAC ACC AAC m AGT CAA GGC ACA TTA TTG ATT GTG AAT CGT AGA GCA GAA CTA ACC AAT AAT TTC TCG TTC GAC AAC CGA   02 - the nucleotide differences between the putative germline genes and the rearranged VH genes, an unequivocal identification of somatic mutation is not in all cases possible. In particular, sequence polymorphism is common in the VH3 gene family (38) . Members of this family were involved in 6 of the 10 VH gene rearrangements (Table 2) .
Three lines for which the VK genes had already been sequenced several years ago were included in the analysis. From the sporadic lines JI and BL41, sequences identical to those previously published (21, 22) were determined in the present study. On the other hand, the VK1 sequence which we obtained from the endemic Daudi line differed by three point mutations from the sequence published by Klobeck et al. (20) . Interestingly, another group recently reported a VH3 sequence from the Daudi line that differed from that determined in the present work by 14 Fig. 1. a) Taking into account that only the expressed V region genes were analyzed in the present study (with the exception of BL29H2 and BL41K4, see below) the occurrence of abnormal rearrangements in BL may be even higher than suggested by the mRNA-based analysis.
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Other surprising findings in the present analysis was the detection of both a functional and a nonfunctional heavy chain transcript in BL29, and of two potentially functional K light chain transcripts in BL41. Usually, a peripheral B cell carries only one functional heavy and light chain gene rearrangement, and stable mRNA is produced only from the functional gene rearrangements (45) . A possible explanation for the expression of both VH gene rearrangements in BL29 may lie in the fact that a translocation of (54) , who also found V genes expressed in endemic BL lines to be highly diversified by somatic mutation. The significant higher load of mutations in the endemic versus the sporadic cases suggests that these BL subtypes differ in the developmental stage of the B cell that gave rise to the malignant clone. This is further supported by the finding that sporadic and endemic BL show distinct patterns of c-myc translocations (3). Interestingly, the B cell-immortalizing EpsteinBarr virus is found in essentially all cases of endemic BL. Perhaps the presence of this virus in a GC B cell alters the way how these cells are selected and/or proliferate within the GC, resulting in the acquisition of a high load of somatic point mutations. Still, endemic BL phenotypically resembles sporadic BL, also in that most cases are surface IgM-positive/IgD-negative (1). This is surprising since both within the GC and the memory B cell fractions, B lymphocytes carrying highly diversified V genes predominantly express other isotypes (16, 17 ; see also Table 4 ). The observation that the Daudi cell line seems to mutate in vitro points to an alternative explanation for the higher somatic mutation frequency-in the absence of class switch-in endemic BL cases: the transformed B cell clone continues to diversify somatically its rearranged V genes during extra-nodal tumor growth, and being removed from the GC-microenvironment, the malignant clone would not receive the necessary signals for class switching. Interestingly, also Chapman et al. found evidence for intraclonal heterogeneity in one of the endemic BL lines analysed (54) . This heterogeneity is most likely due to ongoing somatic mutation in the tumor cells in vivo (54) .
In conclusion, the present results show that classical BL represent lymphomas originating from mature B cells expressing V region genes diversified by somatic mutation. More specifically, their phenotypic resemblance to GC B cells, in conjunction with the extra-nodal location, suggests that BL is a B cell malignancy originating from GC or GC-derived B cells. The considerable difference between the somatic mutation frequencies of sporadic and endemic BL indicates that these two subtypes of classical BL differ with respect to the developmental status of the cell that upon malignant transformation gave rise to the BL-tumor. lines are closely related. Nucleic Acids Res. 12: 
